Introduction
Kaolin is a natural clay that exists in many countries around the world [1] [2] [3] [4] [5] . Kaolin is becoming a raw material for many industries such as ceramic industries [6] . In addition, metakaolinite or the calcined form kaolin at high temperature [500-800] is the base of cement and ceramic industry [7] . Moreover, kaolin was used in catalyst industry either as, support or a binder for many vital industrial processes such as FCC cracking processes [8] . Furthermore, metakaolinite is used as a raw material for preparation of many types of zeolites [9] [10] [11] [12] [13] [14] [15] . Due to the high importance of such clay many governments invest in exploring and magnifying the utilization of such important clay. Thus Saudi Arabia government for example, invests more than 4 M $ in exploring kaolin in KSA [16] .
The use of kaolin as a photo catalyst, however is restricted to be used as a support for photocatalyst sensitive materials such as Ti source [17] . In spite of the fact that Ti may be exit naturally occur in kaolin clay, only few papers deal with the importance of these impurities such as iron, titanium and vanadium [18] . Thus, Tasuma Suzuki et al. evaluate the presence of Ti as anatase form in kaolin in its efficiency for removal of heavy metals and correlate a direct relation between its existence and the efficiency of removal [18] .
Moreover, in water pollution, kaolin could be used as it is for adsorption of pollutants or after its transformation into low cost prepared zeolite in order to effectively remove heavy metals [19] [20] [21] [22] . The most common low silica zeolite used in this field is LTA, FAU [22] . Low NaP zeolite I N THIS paper, TiO 2 impurities exist in kaolin were investigated for the first time as active centers for photo degradation of M.B (Methylene Blue) dye. The study extends to examine the same impurities after its transformation into NaP zeolite. ) in presence of organic dye over metakaolinite phase and NaP zeolite was performed in presence and absence of UV irradiation.
The samples were characterized using XRD, SEM, EDX, Diffuse UV-Vis spectrophotometer and finally drawing the kinetic curves of removal of heavy metal ions and M.B dye. The results showed that the TiO 2 impurities in metakaolinite exists in anatase form and maintain its existence in the transformed NaP zeolite with the same phase. Both NaP and metakaolinite showed photo catalytic activity towards degradation of M.B dye. However, the NaP zeolite showed superior behavior for simultaneous removal of both pollutants with UV Irradiation. Investigation and mode of removal of both samples were investigated.
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[Na 6 Al 6 Si 10 O 32 ·12H 2 O], however, was proven to be more softener for water than most common used LTA zeolite [23] .
Although, the zeolite is most common adsorbent used for removal of heavy metals, Many attempts are done to simultaneous removal of organic and inorganic pollutants by mixing two effective adsorbents including zeolite [24] to effectively remove both pollutants simultaneously. Regards to organic pollutants, photo degradation of organic pollutants becomes one of the most effective methods to remove pollutants especially if it is based on local sunlight such as Jeddah sunlight [25] .
In this work we will for the first time, investigate the efficiency of tio 2 impurities in metakaolinite phase on photo degradation of organic dyes in presence and absence of inorganic heavy metals. In addition, a comparison study will be done between the metakaolinite phase and na-p transformed phase on the efficiency of simultaneous removal of both pollutants.
Experimental

Materials used
Sodium Hydroxide and kaolin clay. The kaolin clay used in the present investigation was supplied from Azabira site in the north part of Saudi Arabia. 
Preparation of zeolite P from kaolin
Zeolite P was prepared by using simple method. Firstly, the kaolin was calcinated and converted to metakolinite for 6hr at 700 o C. 18.45g of Metakolinite was added to sodium hydroxide solution was performed (24 g) dissolved in 184.5 H 2 O. After that the reaction mixtures were left for 24hr at room temperature. Then, weight 80.31g of Sodium silicate solution (39%) then added to the above solutions and left for 24hr. The mixture was put in water bath for 7hr at 100 o C. Then, the mixture was filtered, washed by distilled water several times and dried at 80 o C overnight. The samples were then crushed and collected in containers.
Photocatalytic experiments
A 100mL mixed solution of methylene blue was mixed with 0.1 g of composite using a horizontal cylinder annular batch reactor. A xenon lamp (300 W), covered by aUV filter, was used for irradiation of the photocatalyst. The photocatalytic reaction was carried out at room temperature. Different amounts of solutions is collected by time for analysis Synthetic waste water was prepared by 10 PPM of Methylene Blue dye with and without 100 PPM of each heavy metal.
Characterization techniques XRD (X-ray diffraction analysis)
X-ray diffractograms of samples under investigation were collected using a Bruker D8 advance instrument with a CuKα1 radiation and a secondary monochromator operated at 40 kV and 40 mA. The crystal lattice and space group analysis were performed using a Philps X'Pert Plus V. 1.023 .04. 1999.
SEM and EDX analysis
Scanning electron microscopy (SEM) images of different samples and EDX analysis was performed using a "JXA-840 A Electron Probe Micro Analyzer-Japan" Diffuse reflectance U.V. Visible spectra DRUV-vis spectral data was obtained using Thermo-Scientific evolution spectrophotometer equipped with an integrating sphere in the wavelength range of 200-800 nm to measure the reflectance spectra of samples. The Band gap energy values of all investigated samples were calculated using Kubelka-Munkprocedure. The Kubelka-Munk factor (K) was determined by following equation; K=(1-R)
/2R
Where R is the % reflectance. The wavelengths (nm) were translated into energies (E) and a plot was drawn between (K*E) 0.5 and E to obtain a curve. The bandgap energy (eV) was obtained as the intersection point of the two slopes in the curve. [25] .
Results and Discussions
XRD( X-ray diffraction)
XRD diffraction patterns of Calcinedkaolin and Na-P zeolite are given in Fig. 1 . The phase analysis showed that the calcined kaolin is decomposed and no trace for the kaolinite structure. Thus, only anatase phase is appeared in the diffraction patterns which originally exists in the crude kaolin. After hydrothermal treatment Na-P zeolite is observed with a pure phase. Small quartz single sharp signal is appeared which is common in zeolitization process from kaolin [26] . In addition, the anatase phase still exists in the structure with nearly 95% of its original intensity in calcined kaolin (Table 1) .
Scanning Electron Microscope (SEM ) and EDX analysis
SEM images of calcined kaolin and Na-P zeolite are given in Fig. 2 . It is clear observed that, calcined kaolin showed amorphous matrix without appearance of any crystal structure as expected from calcination of kaolin and its transformation into metakaolinite amorphous phase [2] . Moreover, clear tetragonal crystals of Na-P zeolite appeared in SEM image. The tetragonal shape of Na-P zeolite is accumulated to form a spherical shape however, the tetragonal shape is still could be differentiated from SEM image. This phenomenon is common in the zeolitization process that occurs from natural clay [27] .
In addition, EDX analysis is given in Table  2 showed that TiO 2 exists in about 1.5 wt% in calcined kaolin which confirmed as anatase phase before from XRD. The TiO 2 still exists incrystallized Na-P zeolite but with less amount about 1.23wt%. The decrease in the TiO 2 amount in the zeolite sample may be due to the loss of TiO 2 during the hydrothermal treatment.
Diffuse reflectance ( DR)
Diffuse reflectance spectra of calcined kaolin samples and Na-P zeolite are given in Fig. 3 . The band gap of each sample is calculated. The values of band gaps are similar to that of anatase phase and is around 3.2 e.v which reflects the presence of anatase phase inside either the calcined kaolin sample and the corresponding prepared Na-P zeolite.
Photo catalytic activity of prepared samples
Photo catalytic activity of calcined kaolin sample and Na-P prepared zeolite was examined in degradation of M.B dye. In order, to complete evaluation, the kinetic curves were drawn with and without photo irradiation. In addition, it is also performed in presence and absence of 400 PPM of heavy metal ions (Pb, Cu, Co, Ni); 100 PPM of each. Figure 4 showed the degradation kinetic curves of all above cases. From this figure, it could be observed that both kaolin and Na-P zeolite samples have a considerable capacity for adsorption of M.B dye. However, this capacity, as expected, is enlarged considerably when calcined kaolin is converted to the corresponding Na-P zeolite with three dimensional porous structure and high surface area. Although, the mode of adsorption exists, when samples are irradiated an increase in the amount of dye removal is observed which emphasizes that both calcined kaolin and corresponding Na-P zeolite has more or less photo catalytic activity which is expected from XRD patterns before due to presence of anatase phase within both structures. In absence of ions, it seemed that, the total amount of dye removed by either adsorption or irradiation is preferred to Na-P zeolite reaches about 80% removal without irradiation and about 90% removal upon irradiation. While, maximum amount of removal by calcined kaolin did not exceed 50% with irradiation. Although that, the difference between removal % of irradiated and non irradiated samples is much higher for calcined kaolin while, it seemed to be very small for Na-P zeolite. This could be explained by that, the photo degradation mode is much higher in calcined kaolin sample than that of Na-P sample while, adsorption mode in Na-P sample is much higher than that of calcined kaolin sample.
A dramatic change in this behavior was observed when 400 PPM of heavy metal ions is introduced in solution combined with 10 PPM M.B Dye.
Thus, in presence of ions, more inhibition of both modes of removals was observed for calcined kaolin sample reaches only 10% removal with irradiation. In contrary, Na-P samples showed only inhibition in adsorption mode, while photo degradation mode is enlarged to achieve about 60% removal with irradiation.
Removal of heavy metals ions in presence of dye
In order to take a look about the removal behavior of both samples towards ions, kinetics curves of removal of ions individually (Fig. 5) and totally (Fig. 6 ) with and without irradiation is figured. In contrary to dye, ions are only removed by adsorption and/or ion exchange mode. However, the presence of degradation process may affect the removal of ions as will be seen. Thus from Fig. 6 , it could be observed that, the removal capacity of ions for calcined kaolin is very limited reaches only less than 10 % either with or without irradiation. While, the Na-P zeolite have a large capacity towards ions reaches about more than 60% removal. The behavior of Na-P zeolite samples is time affected by irradiation that, irradiation reduces the removal capacity for the time of 0-60 min. after which the capacities are nearly equal. In order to explore the selectivity and partial capacities of ions, individual kinetic curves of ions are figured in Fig.  5 . From these figures it could be observed that, as a general observation, the selectivity of Na-P towards Pb 2+ > Cu 2+ >>>> Ni 2+ > Co
2+
. Moreover, irradiation affects the partial capacities of Na-P zeolite towards Pb 2+ and Cu 2+ at time of 0-<80min after which the two lines are superimposed. Co 2+ and Ni 2+ ions are seemed to be less effected by irradiation.
Photo catalytic activity per TiO 2 active centre
In order to deeply understand the mode of photo catalytic activity of TiO 2 active centers exists in either calcined kaolin or Na-P zeolite, isolation of two modes of removal (adsorption ; photo degradation) should be performed. Thus could be happened by subtract two kinetic curves of irradiated and non irradiated samples followed by division on the amount of TiO 2 (calculated from EDX analysis) of each sample. This will resulted in the photo catalytic activity of sample per wt% of TiO 2 , which could be less complicated than the study of both modes of removal together. Figure 7 showed the photo catalytic activity per Wt% TiO 2 against time for all samples in absence and in presence of ions.
From this figure it could be observed that the TiO 2 active centers in calcined kaolin is inhibited by the presence of ions decreased from 25 to only 5. While, in contrary, the TiO 2 active centers in Na-P zeolite is enhanced by the presence of ions thus it increases from 15 to 40. In addition, this increase is not linear with time, thus after nearly 40 min, a non linear increase is observed. This could explain why the partial capacity of ions at lower time is decreased upon irradiation and then again increases at higher times. Thus at lower time, the mode of adsorption for both dye and ions becomes predominant which means a competition between dye and ions for the same active adsorption sites. While after considerable time 40-60 min, the TiO 2 centers become photo catalytically active and the degradation of dye is predominant which leaves the adsorbed site for ions, increasing the capacity for ions again. 
